With the view to contributing information on the effect of cold neutrons on neutron pulse propagation and on die-away phenomena and phenomena related to neutron wave propagation, measurements of propagating pulse shapes in graphite and lead prisms were carried out with
INTRODUCTION
Many studies have in recent years been undertaken on neutron wave propagation in non-multiplying and multiplying media. These studies have been aimed at determining the dispersion relations, i. e., the relation between the complex inverse relaxation length and the wave frequency in the media, and to derive parameters for such factors as diffusion and thermalization.
One of the subjects of propagation experiments in moderating media concerns the interpretation of resonance phenomena reported by Utsuro et al. (1)(2) and Takahashi et al. ( 3)(4) in graphite prisms. These resonance phenomena have proved an impediment to the formulation of clearcut dispersion relations in a wide range of frequency and transverse buckling.
It is known that the phenomena are induced by the interference between the thermal neutron wave and the infiltrating cold neutrons below the Bragg cut-off energy, which affect the total cross section, and that they occur in the continuous eigenvalue region in wave propagation (14) . In an infinite graphite system, the discrete eigenvalue kd enters the sub-Bragg cold continuum about 2,000 rad/sec (see Fig. 1 ). And the existence of the discrete asymptotic mode is limited within the frequency range below about 900 rad/sec.
In a finite graphite system with transasymptotic mode for any frequency. These two representative crystalline media have selected in our present study on account of these properties. 
II. EXPERIMENTS
Measurements of pulse propagation in graphite and lead prisms were carried out with "thermal" as well as with the "cold" source. The principle adopted for obtaining a pulsed thermal neutron source is similar to that presented by Sumita et al.(12) The thermal source was obtained in the forms of The source pulse repetition rate was from 50 to 100Hz. Some pulse responses at large distances in the lead prism with the cold neutron source were measured with use made of the KUR linac. Backgrounds induced by the injection of fast and epi-thermal neutrons were eliminated with a 0.5mm Cd-sheet inserted between the source and the medium.
While the measurements at the larger distances in graphite systems were fairly difficult on account of high backgrounds, particularly in the case of the cold source, reliable data could still be obtained by alternative accumulation: cumulative data were obtained from about 10 successive runs without Cd-filter, followed by the same number of runs with Cd-filter.
Measurements in lead prism were easier than in graphite due to lower backgrounds(14).
Some example of space dependent pulse responses will be shown later in comparison with the theoretical curves.
The measured pulse responses at various distances from source, in lead and in graphite prisms were transformed by Fourier code into corresponding values expressed in terms of amplitude and phase and presented as function of wave frequency.
III. THEORETICAL ANALYSES

Successive Iteration Method
The phenomena treated in this work contain the effect of continuous eigenvalue spectra of wave propagation, so that rigorous theoretical analysis must be made upon estimating the magnitude of the continuous mode. However, the inverse transform of the transport operator with actual scattering kernel and a complicated scattering cross section is almost impossibly difficult. The successive iteration method developed here can be applied to the integral type transport equation (18) Bragg peak neutrons. The time elapse to the sub-Bragg neutron peak is nearly equal to the time-of-flight for the distance z. With sinusoidal wave propagation, the differences between the peak timings are replaced by phase differences between sub-and above-Bragg neutrons. neutrons, which latter has a peak at about 0.03eV (Fig. 7) .
The manner of energy deFrom the above observations, it should be valid to use the two-group analysis for graphite.
Therefore, the ensuing analyses for graphite will be undertaken with two-group treatment (sub-Bragg and thermal).
The results of another preliminary calculation are shown in Fig. 9 , where curves obtained by DSDT are compared with those by the ordinary diffusion theory (ODT) using the that DSDT (solid lines) clearly brings out the interference between the thermal and the cold groups, which ODT (broken lines) completely ignores.
The third preliminary calculation covers the coupling effect by inelastic scattering between the groups (Fig. 10) . Amplitude oscillations of the thermal group, which do not appear in the uncoupled theory(1), are induced by the feed-back through inelastic scattering from the sub-Bragg cold neutrons. This oscillation plays only a second order role in the first main resonance of the total amplitude, but dominates in the second resonance. For the comparison between calculated and experimental results, two different data are used for the total cross section below the Fig. 9 Comparison between ordinary diffusion (ODT) and distributed source diffusion (DSDT) calculations for wave amplitude attenuation in graphite In Fig. 11 are shown the frequency responses of wave amplitude at specific positions, normalized in reference to the source frequency response.
The observed data are compared. with calculations based on the two data mentioned above. The characteristics of the observed resonance structure are reflected more clearly in the DSDT calculation based on the BNL-325 data (solid lines) than on the UNCLE (broken lines).
Similarly, an example of the frequency dependence of the phase lag is shown in Fig. 12 , where again a more faithful representation is given with calculations.
based on BNL-325 than on UNCLE. In Fig. 13 , the spatial attenuation of wave The BNL data again provide a better basis for explaining the observed values, particularly at about 60cm for 8,000 rad/sec in which resonance occurs on account of the interference between the sub-Bragg cold and the thermal neutron wave propagations.
A similar interference appears in the curves representing spatial lag between phases (Fig. 14) .
The foregoing results and discussions confirm that resonance phenomena due to the interference between the infiltrating sub-Bragg and the thermal neutrons occur on the wave propagation in graphite at specified positions and frequencies.
In the present experiment, resonance phenomena were observed in the frequency range from about 6,000 to 30,000 rad/sec and at distances from source ranging 
V. CONCLUSION
In order to illustrate resonance phenomena observed in neutron wave propagation in crystalline media, pulse propagation experiments with thermal and cold sources were carried out for two crystalline media, graphite and lead. The experiments were compared with theoretical analyses, also performed, based on the distributed source diffusion equation.
On the results obtained for pulse propagation and die-away phenomena, the infiltrating sub-Bragg cold neutrons created a sharp peak, which was reflected in the pulse shape of the detector response at points relatively far from the source.
At such distances, in lead prism, 
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